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Abstract of EP 1167093 (A1) 



Independent wheel suspension for motor vehicles 
comprising: a wheel support (12) with a suspension 
movement and a steering movement, suspension 
movement guide devices associated to elastic 
devices (34) and shock absorbing devices (16, 26), 
and a control device (42, 44, 46, 40) of the wheel 
support steering movement (12). The wheel support 
(12) slides along a steering element (16), which is 
slanted with respect to a vertical axis, and the 
steering movement control device comprises an 
electric actuator (42) controlled by an electronic 
control unit (50) arranged to correct the steering 
movements induced by the suspension movement. 
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(54) Electronically controlled suspension for motor vehicles 



(57) Independent wheel suspension for motor vehi- 
cles comprising: a wheel support (1 2) with a suspension 
movement and a steering movement, suspension 
movement guide devices associated to elastic devices 
(34) and shock absorbing devices (1 6, 26), and a control 
device (42, 44, 46, 40) of the wheel support steering 



movement (12). The wheel support (12) slides along a 
steering element (1 6), which is slanted with respect to 
a vertical axis, and the steering movement control de- 
vice comprises an electric actuator (42) controlled by an 
electronic control unit (50) arranged to correct the steer- 
ing movements induced by the suspension movement. 
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Description 

[0001 ] This invention relates to an independent wheel 
suspension for motor vehicles according to the pream- 
ble of the main claim. 

[0002] A common problem for all suspension systems 
for steering wheels of motorvehicles is avoidingthat the 
suspension movement of the wheel induces undesired 
steering. The cinematic solutions for controlling the var- 
iations of the toe-in angle of the wheel induced by the 
suspension movement are generally rather complex 
and costly, both in terms of the number of components 
and the complexity of the vehicle assembly operations. 
An additional problem consists in that the suspensions 
permit a better control of the toe-in variation induced by 
the suspension movement (for example, transversal 
quadrilateral suspensions) are often very cumbersome 
in the transversal direction and cause an increase in 
transversal dimensions of the vehicle, especially in the 
case of vehicles with engine arranged transversally. 
[0003] Purpose of this invention is to provide a sus- 
pension for motorvehicles which solves said problems. 
An additional purpose of this invention is to provide a 
suspension system which consists of a reduced number 
of components and which can totally be pre-assembled 
off the vehicle assembly line. 
[0004] According to this invention, these purposes are 
attained by means of a suspension which characteris- 
tics are described in the main claim. 
[0005] This invention will be better explained by the 
following detailed descriptions with reference to the ac- 
companying drawings, given as non-limiting example, 
wherein: 

figure 1 is a schematic perspective view of a sus- 
pension according to this invention, 
figures 2, 3 and 4 are schematic views according to 
arrows II, III and IV in figure 1 respectively, and 
figure 5 is a schematic cross-section according to 
line V-V in figure 1 . 

[0006] With reference to the figures, numeral 1 0 indi- 
cates an independent wheel suspension for steering 
wheels of a motor vehicle. Suspension 1 0 comprises a 
wheel support 12 on which a wheel 14 turns. 
[0007] As shown in greater detail in figure 5, suspen- 
sion 1 0 comprises a steering arm 1 6, preferably straight, 
with fastening elements 1 8, 20 connected to the respec- 
tive extremities destined to be fastened to the body of a 
motor vehicle (not illustrated) . When suspension 10 is 
fitted on a motor vehicle, the steering arm 16 is fixed 
with respect to the body of the motor vehicle. In the as- 
sembled condition on the motor vehicle, the longitudinal 
axis A of the steering arm 1 6 is slanted with respect to 
a vertical axis. The axis A is slanted both on a longitu- 
dinal vertical plane and on a transversal vertical plane. 
As shown in figures 2, 3 and 4, the lower extremity 1 6a 
of the steering arm 16 is moved forward and outwards 



with respect to the upper extremity 1 6b. 
[0008] With reference to figure 5, a piston 22 is fas- 
tened to the steering arm 1 6 and presents one or more 
longitudinal apertures 24forthe passage of damping flu- 

s id. The wheel support 1 2 is fastened to a tubular element 
26 arranged coaxially with respect to the steering arm 
1 6 and slides with respect to the latter in the longitudinal 
direction A. The tubular element 26 presents closed ex- 
tremities 28, which engage and hold the steering arm 

io 16. The tubular element 26 defines two chambers 30, 
arranged on opposite sides with respect to the piston 
22, and filled with a damping fluid. Consequently, the 
tubular element 26 forms the external casing of a shock 
absorber. The wheel support 12, which is integral with 

'5 the tubular element 26 is free to move the suspension 
in the direction of axis and a steering movement con- 
sisting of an oscillation around the axis A. According to 
a particularly advantageous form of embodiment of this 
invention, the damping characteristics of the shock ab- 

so sorber formed by the steering arm 1 6, the piston 22 and 
the tubular casing 26 can be controlled electronically. 
This can be obtained, in a way which is known, using a 
damping fluid with magnetic-rheologlcal qualities or by 
arranging electronically controlled valves in the fluid 

25 passage apertures 24. In figure 5, numeral 32 schemat- 
ically indicates an electric connector for providing elec- 
tric damping characteristic control signals to the shock 
absorber. 

[0009] An elastic element 34, consisting for example 

30 of a compressed coil spring, is arranged In coaxial po- 
sition around the tubular element 26. The lower extrem- 
ity of the elastic element 34 rests on a plate 36 fastened 
to the wheel support 1 2. The upper extremity of the elas- 
tic element 34 rests on a plate 38 fastened to the upper 

35 extremity 1 6b of the steering arm 1 6. 

[0010] The wheel support 12 is fastened to a steering 
lever 40, which is operated by an electric actuator 42, 
destined to be fastened to the body of the motor vehicle. 
In the form of embodiment illustrated in the figures, the 

40 actuator 42 is rotary. A linkage 44, controlling the steer- 
ing lever 40 via a connecting rod 46, is connected to the 
output shaft of the actuator. The electric actuator 42 is 
capable of controlling the rotation movement of the 
wheel support 1 2 around axis A, which amplitude is cor- 

45 related to the rotation of the steering wheel of the motor 
vehicle. Each steering wheel is equipped with an electric 
actuator 42, reason for which no mechanical intercon- 
nection between the two steering wheels on the two 
sides of the vehicle is required. 

so [0011] The suspension according to this invention is 
preferably equipped with an electrically controlled brak- 
ing device 48, which can be of any known type. As sche- 
matically illustrated In figure 1 , an electronic control unit 
50 sends electric control signals to the electric actuator 

55 42, to the shock absorber 1 6, 26 and to the electrome- 
chanical brake 48. 

[0012] The suspension according to this invention can 
be completely pre-assembled off the vehicle assembly 
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line. The entire suspension requires only two fastening 
points to the body of the motorvehicle, consisting of fas- 
tening elements 18, 20. The suspension unit is, conse- 
quently, characterized by extreme assembly simplicity 
and very reduced size in the transversal direction, 
thanks to the absence of suspension rocker arms. 
[0013] The suspension movement of the wheel 14 
with respect to the body of the vehicle is a straight move- 
ment along the direction of the slanted axis A. Consid- 
ering that the direction of movement of the suspension 
is slanted with respect to the suspension of the wheel, 
if the actuator 42 remained still during the suspension 
movement of the wheel, the wheel toe-in angle would 
vary, induced by the suspension movement of the 
wheel. This toe-in angle variation would produce unde- 
sired steering of the wheel. In order to overcome this 
problem, according to this invention, the electronic con- 
trol unit 50 is arranged to control the electric actuator 42 
so to correct the undesired toe-in angle variations relat- 
ed to the movement of the suspension. Forthis purpose, 
the electronic control unit 50 receives a signal indicating 
the position of the wheel support 12 with respect to axis 
A and, according to this function, computes the correc- 
tion angle required to compensate forthe change in the 
toe-in angle, whereby controlling the electric actuator 42 
so to impose a steering angle equal and opposite to the 
movement of the wheel support 12 along axis A to the 
wheel support 12. 

[0014] Furthermore, the electronic control unit 50 can 
be arranged to receive signals indicating the longitudinal 
and transversal acceleration of the vehicle and to control 
the damping characteristics of the shock absorber ac- 
cording to said signals, to control rolling and pitch of the 
vehicle. Furthermore, the electronic control unit 50 con- 
trols the braking device 48 and the steering actuator 42 
according to the braking and steering controls of the ve- 
hicle driver by means of the brake pedal and the steering 
wheel. 

[001 5] The suspension according to this invention can 
be used without substantial changes for front and rear 
wheels and for both driving and idle wheels. The sus- 
pension according to this invention permits setting 
steering control in an individual way on the individual 
wheels for obtaining ideal steering from a cinematic 
point of view, without the constraints deriving from the 
steering mechanism. Also the shock absorber damping 
and the braking control strategies can be controlled in- 
dividually on each wheel. In addition to a particularly re- 
duced transversal size, the suspension according to this 
invention is also characterized by reduced size in the 
vertical direction, because the vertical size of the sus- 
pension depends only on the maximum amplitude of the 
suspension and is not conditioned by the cinematic 
structure of the wheel suspension mechanism. 



Claims 

1 . Independent wheel suspension for motor vehicles 
comprising: 

5 

a wheel support (1 2) with a suspension move- 
ment and a steering movement, 
suspension movement guiding devices associ- 
ated to elastic devices (34) and shock absorb- 
io ing devices (1 6, 26), and 

a control device (42, 44, 46, 40) of the wheel 
support steering movement (12), 

characterized in that the wheel support (12) 
15 slides along a steering element (16), which is slant- 
ed with respect to a vertical axis, and in that the 
steering movement control device comprises an 
electric actuator (42) controlled by an electronic 
control unit (50) arranged to correct the steering 
20 movements induced by the suspension movement. 

2. Suspension according to claim 1 , characterized in 
that it comprises an electric actuator (42) associat- 
ed to each steering wheel (14). 

25 

3. Suspension according to claim 1 , characterized in 
that. said steering element (16) comprising a 
straight rod, which extremities are equipped with at- 
tachment devices (1 8, 20) for fastening to the body 

30 of a motor vehicle. 

4. Suspension according to claim 3, characterized in 
that the wheel support (12) is fastened to a tubular 
element (26) sliding with respect to the steering arm 

35 (1 6) and forming the external casing on a shock ab- 
sorber. 

5. Suspension according to claim 4, characterized in 
that said shock absorber is equipped with electri- 

40 cally controlled devices for changing the damping 
characteristics. 

6. Suspension according to claim 1 , characterized in 
that it comprises an electrically controlled braking 

45 device (48). 
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